AD  744797 


i,  ••  ^  ^ 


:3  iaC-2CT*5«KSJS*  /‘iTT^Vif  “ , 


-  1  .  o 


(*E 


R&D  TECH  REPORT  ECOM-3517  N0V.i97i 
"COMPUTER  AIDED  DESIGN  OF  BRAID 
parameters  FOR  COAXIAL  CABLE" 

BY  J.SPERGEL*  USA  ELCT  TECH  &  DEV  LAB 

distribution  STATEMENT- 
APPROVED  fOR  PUBLIC  RElFASE# 
DISTRIRUTION  UNLIMITED 


j  D  D  C-v 

■^EEPaanE 

U>  JUL  7  1972 


C 


UNiTED  STATES  ARMY  ELECTRONICS  COMMAND  -  FORT  MONMOUTH,  N 


Reproduce!  by 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

U  S  Ci  pcurtment  of  Commerce 


NOTICES 


Disclaimers 

The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position,  unless  so  desig¬ 
nated  by  ocher  authorized  documents. 

The  citation  cf  trade  names  and  names  of  manufacturers  in 
this  report  is  not  to  be  construed  as  official  Government 
indorsement  or  approval  of  commercial  products  or  services 
referenced  herein. 


Disposition 


•.(.AitMtlKCEO 


WHITE  union 
sue  union  oj 
'  □ 


-/ 


Destroy  this  report  when  it  is  no  longer  needed.  Do  not 
return  it  to  the  originator. 


imimman/tuiuiiutf  ms 

!  IIST.  I  AVilU  Ui/W  SPSlttj 


Security  Cl.-.'isificrtiinn 

DOCUMENT  C&r^Ot.  DATA  •  R  &  D 

f5#Ciirff/  r/e*  tl//c«ffon  «>f  Ni<Sf  of  .*1  WMf/  smt  Indexing  a>vio l^f f^n  null  6*  *v/»*n  /h*  ov*S«f/  r*pott  I* 

1  O.'UGINA  TIMC  Ac  TIVITY  (Corper.lo  eulbcrj  )».  AtHOAT  HCUHITY  CLASSIFICATION 

U.  S.  A  ray  Electronics  Cowman!  _ V _ 

Fort  Monmouth,  New  Jersey  ■  07703  >»>•  o«oup 


3  Kf.POPT  TITLE 

COMPUTER  AIDED  DESIGN  OF  BRAID  PARAMETERS  FOR  COAXIAL  CABLE 


4.  DESCRIPTIVE  NOTni  ( Typ •  o(  rapefi  md  Industry  ditoe) 

Technical  Report 


8.  Ay  TMOft(S)  (/></!(  mfddt •  InUtml,  loot  nmmm) 

Jack  Spergel 


0.  KLPOKT  OATt 

November  1971 


t*.  CONTRACT  on  GRANT  NO. 


b.  PROJECT  NO.  1  H6  62703  A037 
‘•Task  No.  1  H6  62703  A03701 
*  Sub  task  No.  L  H6  62703  A(>570l|09 


to.  Dl  J  T  HI  fHi  T  ION  STATEMENT 


Approved  for  public  release;  distribution  unlimited. 


7a.  TOTAI.  no.  or  PAOttS  1 7*.  NO.  Of  RSf* 


Oi.  ORIGIN  A  TOR'I  REPORT  NUUnK(l) 


Technical  Report  EC0M-3517 


ob.  OTHER  REPORT  NO (*)  (Any  othe*  nuoiNn  that  rzay  ba  ant&ad 
Dili  report) 


12.  SPONSORING  Mil. I  TARY  ACTIVITY 


US  Army  Electronics  Command 

Attn:  AMSEL-TL-ME 

Fort  Monmouth,  New  Jersey  07703 


A  computer  program  was  designed  to  calculate  braid  parameters  for  coaxial  cable 
such  as  percent  coverage,  fail  factor,  angle,  attenuation  factor  (Ku).  Data  is 
provided  over  a  range  of  carriers,  picks,  ends,  strand  diameter,  ana  diameter  over 
the  dielectric. 

Key  words:  braid,  shield,  coaxial,  coverage,  attenuation,  fill  factor 


l  ,  «  .  ,  »  l*LAv«  *  Lt‘  t  14;  .  \  JA.I  04,  ntCH  »» 

i  M  -,V  cn  .  •  C:  WWUI#  fU.lf.MlY  U03. 


■/Ci-rr  —r tvwruti «;  » 


Unci  ami  find 


bfiuiilT  Cls»»lfle»tion 
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Jack  Spergel 
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U.  S.  Army  Electronics  Command 
Fort  Monmouth,  N.  J.  07703 


INTRODUCTION:  Shielding  of  coaxial  cable  as 
well  as  other  special  multi-conductor  cable 
designs  is  becoming  increasingly  important  to 
minimize  electromagnetic  radiation  from  or  into 
the  cable.  Digital  data  transmission,  broad¬ 
band  radio  frequency  circuits,  sensitive  audio 
or  voice  circuits,  as  well  as  high  intensity 
voltages  such  as  lightning  or  electromagnetic 
pulse  (EMP)  have  established  requirements  for 
better  shielding  of  cable.  For  cables  whose 
application  requires  a  high  degree  of  flexibility 
(ease  of  bending  and/or  long  flex  life),  braided 
conductors  are  frequently  used  in  the  cable 
design.  ' 

The  cable  design  engineer  who  must 
establish  the  specification  for  the  braid  is 
faced  with  optimizing  the  design  in  regard  to 
its  shielding  effectiveness,  weight  and  cost, 
attenuation,  and  its  flexibility.  In  order  to 
provide  the  cable  engineer  with  a  tool  to  aid 
him  in  selecting  a  design,  a  computer  program 
(Fortran  IV)  was  developed  for  the  enclosed 
series  of  tabular  data  which  could  be  readily 
used  to  determine  the  physical  parameters  of 
the  braid,  as  well  as  Information  to  Judge  its 
potential  flexibility  and  attenuation  character¬ 
istics. 

CALCULATION1’  Before  discussing  the  data  in 
the  tables,  brief  review  is  given  of  the 
braid  elements  and  the  formulas  used  to 
calculate  the  various  parameters. 


Figure  1  schemtacially  illustrates  the 
elements  of  a  braid  design  on  a  circular  cable 
core  which  could  represent  the  dielectric  of  a 
coaxial  cable,  or  a  stranded  multi -conductor 
core,  or  a  single  insulated  wire.  The  formulas 
for  calculating  the  various  braid  parameters 
are  derived  from  Figure  2  and  are  given  by: 


(1)  C 
(2  F 

(3)  A 
(M  w 
(5)  eCc 


C  =  (2F  -  F2)  x  100 
F  =  PNd/sin  A 
A  =  tan’1  27»*(d  +  2d)  P/C 
W  =  (2  D/d)  Fw  _ 

<c  =  C  C(Ks/d)  +  (Kb/D)J  if 
L  =  l.O/F  cosSA 


where: 

C  =  percentage  oo  rea  of  cable  surface 
covered  by  b-vid 

F  =  fill  factor  c- pace  or  weight  factor) 

A  =  angle  of  br-,...  wire  with  cable  axis 
D  =  diameter  o>  :  cable  core 
d  =  strand  (or  ivid  wire)  diameter 
P  =  picks  per  :ch 
C  =  number  of  . »  -riers 

N  =  number  c  ’  '•''’.a  (braid  wire)  per  carrier 
W  =  weight  o'  t  -aid  per  unit  length 
w  =  weight  cf  strand  (braid  wire)  per  unit 
length 

Kfc  =  braidiiv  factor  which  is  used  for 
attenu  ion  calculations 
Ofc  =  ettenw  r.ion  of  copper  conductors  in 
coaxir .  cable 

C  =  constr  t  for  a  given  conductor  material 
and  call .  Impedance 

TABULAR  DATA:  For  a  specified  number  of 
carriers,  ends  per  carrier,  and  picks  per  inch, 
each  table  includes  the  coverage,  fill  factor, 
angle,  and  braiding  factor  as  the  strand  diameter 
and  diameter  over  dielectric  is  varied.  There 
are  forty-five  such  tables  for  each  combination 
of  5  carriers  (12,  16,  2h,  36,  h8),  3  picks  per 
inch  (3,  ?,  1>)  and  3  ends  per  carrier  ( h ,  7 ,  10). 
The  UTirand.  diameters  range  from  0.003  to  0.010 
inches  and  the  diameter  over  dielectric  range 
from  O.CJO  to  1.000  inches.  These  values  are 
considered  quite  practical  for  most  cable 
designs  and  interpolation  or  approximation  can 
be  easily  made  for  any  other  combination  of 
braid  parameters.  To  provide  data  for  smaller 
intervals  within  the  range  of  ends  and  picks  would 
result  in  an  excessive  number  of  tables.  (For 
example,  if  the  number  of  intervals  were  increased 
from  3  to  5  Tor  the  ends  and  picks,  we  would 
have  125  tables). 

In  using  the  tables,  the  following  qualifica¬ 
tions  should  be  noted: 

(a)  The  asterisk  indicates  that  the 
coverage  exceeds  100/.  or  the  braiding  factor  is 
less  than  1,  and  is  therefore  not  a  realistic 
braid  design.  One-hundred  percent  coverage  or 
braiding  factor  equal  to  1  is  equivalent  to  a 
solid  conductor  and  a  braid  cannot  be  better  than 
a  solid  conductor. 
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(b)  Coverage  of  100$  in  the  table  is  the 
result  of  rounding  off  of  the  decimal  to  the 
nearest  tenth,  i.e. ,  when  the  coverage  is  equal 
to  or  greater  than  99.9 5$>  it  is  printed  out  of 
the  computer  as  100,0$. 

(c)  The  calculations  are  based  on  a  tight 
braid  design  (i.e,,  mean  diameter  equal  to 

D  +  2d),  and  no  allowance  was  made  for  air  space 
or  looseness.  For  larger  size  cables,  it  may 
be  more  accurate  to  use  a  mean  diameter  of 
(D  +  3d)  instead  of  (D  +  2d).  The  data  in  the 
tables  are  limiting  values  and  practical  cables 
would  actually  have  slightly  lower  coverage  than 
those  indicated  because  of  manufacturing 
tolerances  and  variations, 

(d)  The  weight  of  the  braid  is  not  given 
in  the  table  since  the  density  or  weight  of  the 
braid  material  must  be  known;  however,  it  can 
be  readily  calculated  from  equation  (U)  for  any 
specified  braid  material,  strand  diameter,  and 
core  diameter  since  the  fill  factor  for  the 
braid  is  given  in  the  table. 

(e)  The  braiding  factor  is  useful  in 
calculating  outer  conductor  or  shield  attenua¬ 
tion.  It  is  a  measure  of  Jie  ratio  of  the  lay 
factor  to  the  fill  factor.  The  lay  factor  is 
the  ratio  of  the*  actual  length  of  wire  to  the 
linear  length  of  cable,  therefore,  the  greater 
the  lay  factor  the  greater  the  braiding  factor. 
In  addition,  the  fill  factor  is  a  measure  of 
the  surface  area  covered  by  the  braid,  therefore 
the  lower  the  fill  factor,  the  greater  the 
braid  factor.  It  is  therefore  reasonably 
apparent  that  the  longer  the  braid  wire  relative 
to  the  length  of  cable  and  the  lower  the  fill 
factor,  the  greater  will  be  the  braiding 
factor  and,  in  turn,  the  attenuation. 


REFER EHCE:  Spicer,  L.  R,,  "Relationships 
Between  Attenuation  an--'  Wire  Braid  Design  for 
Flexible  Radio  Frequency  Cables,"  Electrical 
Communication,  Vol.  to,  No.  h,  1965,  PP  t87-t92 
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SHIELD-CONSTRUCTIONAL  DETAILS 
FIG.  1 


FORTRAN  IV  COMPUTER  PROGRAM  FOR  CALCULATING  BRAID  PARAMETERS 

100  FILE  6=0UTPT,  UNITrPRINTER 

200  REAL  K(25),C(5),D<7),P<7),N(7),A(25) ,C0V<25) ,D0D(25) ,F(25) 

300  DATA  C/12, 16, 24,36,48/, P/3,5, 7, 9, 11,13, 15/, 

400  -  N/4,5,6,7,8,9,I0/,D/.003,.0041(.005,.006,.007,.008,.010/ 

500  PI:4.*ATA*K  1 . ) 

700  5  FORMATOHI ,45X, "BRAID  DESIGN  PARAMETERS  FOR  COAXIAL  CABLE") 
800  DO  100  KC= 1,5,1 
900  CR=C(KC) 

1000  DO  100  1:1, 7, 3 
1100  PK=P(1> 

1200  DO  100  J:l ,7,3 
1300  EN=N(J) 

1350  VRITE<6,5) 

1400  URITE(6, 10) 

1500  10  FORMAT< 1 H0, SOX, "CARRIERS  PICKS  ENDS") 

1600  WR1TE(6, 15)  CR,PK,EN 

1700  15  FORMATUH  ,53X,  12, !0X ,  12, 7X,  12) 

1800  VRITE(6,20) 

1900  20  FORMAT<1H0,"STR.DIA.",20X, "DIAMETER  OVER  DIELECTRIC") 

2000  VRITE<6,25) 

2100  25  FORNAT(1M0,12X, "0.050  0.100  0.150  0.200  0.250  0.300” 

2200  0.35C  0.400  0.450  0*500  0.550  0.600  0,650  0.700  0.750" 

2250  0.S2S  0.850  0.900  0.95,5  1.006") 

2300  DO  100  1:1,7 
2400  SD=D(L) 

2500  DO  150  M: 1 ,20 
2600  DOD((1):FLOAT(M)/20 

2700  A(  M):( 180./PI )*ATAN<2,*PI*CD0D(M)+2.*SD)*PK/CR> 

2800  F( N)  :PK*EN*SD/SI N<  A<M) 4PI/180. ) 

2900  COV<M>,:<2.*F(M>-F(M)**2)*100 

3000  K<M)=l.0/<F<M)*(COS(A<M)*PI/180.))**2) 

3100  IF(F(M).LE. 1.0>GO  TO  150 

3150  COV(M):|0E50 

3160  K(M):|0E50 

3200  150  CONTINUE 

3300  WRITE(6,30)SD,(COV(M),Msl,20) 

3400  30FORMAT(1H0,F6.3,3X,"ZC",20F6.I) 

3420  VRITE(6,55)  (F(M) ,M: 1 ,20) 

3440  55F0RMAT( 1H  ,10X,"F" ,20F6.3) 

3500  WRITE(6,35)  < AIM) ,M:1 ,20) 

3600  SSFORMATdH  ,I0X,"A",20F6.1) 

3700  WRITE<6,40)  (K(M) ,M: 1 ,20) 

3800  40FORMAT(  1)1  , 10X,"K",20F6.2> 

3850  100  CONTINUE 

3900  STOP 
4000  END 
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